Background Distinguishing a benign enchondroma from a low-grade chondrosarcoma is a common diagnostic challenge for orthopaedic oncologists. Low interrater agreement has been observed for the diagnosis of cartilaginous neoplasms among radiologists and pathologists, but, to our knowledge, no study has evaluated inter-and intraobserver agreement among orthopaedic oncologists grading these lesions using initial clinical and imaging information. Determining such agreement is important since it reflects the certainty in the diagnosis by orthopaedic oncologists. Agreement also is important as it will guide future treatment and prognosis, considering that there is no gold standard for diagnosis of these lesions. Questions/Purposes (1) to determine inter-and intraobserver agreement among a multinational panel of expert orthopaedic oncologists in diagnosing cartilaginous neoplasms based on their assessment of clinical symptoms and imaging at diagnosis. (2) To describe the most important clinical and imaging features that experts use during the initial diagnostic process. (3) To determine interobserver agreement for proposed initial treatment strategies for cartilaginous neoplasms by this panel of evaluators. Methods Thirty-nine patients with intramedullary cartilaginous neoplasms of the appendicular skeleton of various histopathologic grades were selected and classified as having benign, low-grade malignant, or intermediate-or high-grade malignant neoplasms by 10 experienced orthopaedic oncologists based on clinical and imaging information. Additionally, they chose the three most important clinical or imaging features for the diagnosis of these neoplasms, and they proposed a treatment strategy for each patient. The Kappa coefficient (j) was used to determine inter-and intraobserver agreement. Results Inter-and intraobserver agreements were only fair to good, j = 0.44(95% CI, 0.41-0.48) and j = 0.62 (95% CI, 0.52-0.72), respectively. The three factors most frequently identified as helpful in making the diagnosis by our panel were cortical involvement in 65% of evaluations (253/390), neoplasm size in 51% (198/390), and pain in 50% (194/390). The interobserver agreement for the proposed initial treatment strategy after diagnosis was poor (j = 0.21; 95% CI, 0.18-0.24). Conclusions This study showed barely fair interobserver and fair to good intraobserver agreement for grading of intramedullary cartilaginous neoplasms by orthopaedic oncologists using initial clinical and imaging findings. These results reflect the insufficient guidance interpreting clinical and imaging features, and the limitations of the systems we use today when making these diagnoses. In the same way, they generate concern for the implications that this may have on different treatment strategies and the future prognosis of our patients. Future studies should build
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Introduction
Cartilaginous neoplasms are among the most common tumors of the appendicular skeleton and can involve almost any bone [20] . Distinguishing between a benign enchondroma and a low-grade chondrosarcoma is a common diagnostic challenge for orthopaedic oncologists [9, 21, 31] . Although multiple clinical and radiologic elements have been shown to aid in the diagnostic process [1, 9, 12, 21] , accurate differentiation between benign and malignant cartilaginous neoplasms can be difficult, even for trained specialists. Furthermore, no specific gold standard has been developed to resolve this diagnostic challenge. Advanced imaging has been of great aid performing these diagnoses, but radiography, CT, and MRI have limitations [2, 4] . In addition, even pathologists have difficulties establishing these diagnoses [27] , with a lower than an desirable agreement between experts.
Even when patients are seen for consultation by a multidisciplinary team, the initial decision whether to observe a patient or perform a biopsy or other more-invasive procedures frequently is made by the orthopaedic oncologist based on his or her global evaluation of clinical and imaging elements. An interrater agreement study showed low agreement among experienced pathologists and radiologists for grading cartilaginous lesions [27] ; however, to the best of our knowledge, no agreement assessments have been reported for orthopaedic oncologists. Determining agreement among orthopaedic oncologists diagnosing cartilaginous neoplasms is important because it reflects the level of certainty that specialists have when assessing these patients; disagreement by clinicians in this field can lead to an entirely different course of action for a patient, even when consulting with highly experienced specialists. This ability to distinguish benign from malignant cartilaginous tumors could affect treatment times, the number of procedures performed, and even patients' survival. Therefore, understanding the agreement of orthopaedic oncologists and making a specific diagnosis is a critical step, and is a fundamental element if we try to elaborate a more efficient diagnostic and treatment algorithm for these types of tumors.
Consequently, we performed this study (1) to determine inter-and intraobserver agreement among a multinational panel of expert orthopaedic oncologists in diagnosing cartilaginous neoplasms based on their assessment of clinical symptoms and imaging at diagnosis, (2) to describe the most important clinical and imaging features that experts use during the initial diagnostic process, and (3) to determine interobserver agreement for proposed initial treatment strategies for cartilaginous neoplasms by this panel of evaluators.
Patients and Methods

Study Design and Setting
This study was approved by the ethics review board of our institution. We collected and analyzed the data for 39 patients with an intramedullary cartilaginous neoplasm of the appendicular skeleton (proximal to the metacarpals and metatarsals) from a large database with 550 patients who were treated by one surgeon (EB) between 2005 and 2012.
Participants/Study Subjects
A similar proportion of patients with tumors of three histopathologic grades (benign, low-grade malignant, and intermediate-or high-grade malignant) of the appendicular skeleton including the pelvis and scapula were included in the study, and were selected for their heterogeneity and representability. In patients with neoplasms with a clear benign aspect and no histologic study, the inclusion criterion was the observance of the same benign character (without changes in appearance, size on images, or any other change on clinical condition, pain included) for at least 3 years after the original diagnosis. For all other patients, the inclusion diagnosis and criteria were a confirmed histopathologic diagnosis of enchondroma or chondrosarcoma by a fellowship-trained musculoskeletal pathologist based on characteristic features such as the presence of hyaline cartilage, cellularity, nuclear pleomorphism, cell atypia, invasion of adjacent structures, foci of necrosis, and calcifications, among others. Complete clinical data with a detailed physical examination and available imaging studies were necessary for inclusion. We excluded patients with tumors that were located in the metacarpals, metatarsals, phalanges, and spine. Additionally, we excluded patients with a final histopathologic diagnosis or who had a clinical scenario indicative of an osteochondroma, chondroblastoma, or chondromyxoid fibroma.
No pathologists or radiologists were directly involved in our study; the senior author (EB) used the following criteria only for patient selection: a diagnosis made by pathologist, or a clinical and radiologic followup for more than 3 years for patients with a tumor with benign appearance but without a histologic diagnosis. Of the 39 patients, 14 had benign neoplasms, 13 had low-grade malignant neoplasms, and 12 had intermediate-or highgrade malignant neoplasms ( Table 1) .
Description of Experiment, Treatment, or Surgery
The senior author (EB), who did not act as an evaluator, gathered all the data that were necessary to perform the assessment. The data included clinical information (age, gender, presence or absence of pain and its relation to rest or activity, medication requirements, the form of presentation, time of progression, and physical examination findings), radiographs and other available images (MRI or CT). Clinical information needed a detailed description of the patient's condition to ensure proper analysis of clinical features. All patients had at least biplanar radiographs or a CT scan, and most also had an MRI, presented digitally with the most-representative slices. The information from each of the 39 patients was sent to 10 expert orthopaedic oncologists from different areas in Latin America, Spain, and Italy. All of the experts had more than 5 years of dedicated work on the field, and they are leading members of an orthopaedic oncology reference center in their countries. They were not involved in the patients' care, and they did not know the patients' identities, their definitive diagnosis, or their treatment. Additionally, they were unaware of distribution of the patients' diagnosis. The 10 evaluators were asked to grade each lesion as either (1) (Table 2) , and weight their value according to their clinical experience and knowledge to make the diagnosis. Additionally, the evaluators rated the three top clinical or radiologic elements that guided their diagnostic hypothesis for each patient using their judgment (patient age, the amount of cortical involvement, neoplasm size, pain, tumor location, presence or absence of calcifications). Finally, the evaluators were asked to choose one of the following four initial treatment plans for each patient based on the available clinical and radiologic information: followup with sequential clinical assessment and radiographic evaluation; percutaneous or open incisional biopsy; curettage with or without adjuvant treatment; or wide or radical surgical resection. Interobserver agreement was determined by comparing the initial responses of the 10 evaluators. Intraobserver agreement was determined by comparing two assessments of the same patient by the same evaluator; the two assessments were separated by a 3-month interval, and the patients were presented with the same clinical scenario and images in a random sequence to avoid recall bias as reported in other studies [17, 28, 29] .
Statistical Analysis and Study Size R software (R Project for Statistical Computing, Vienna, Austria) was used to determine the necessary sample size to achieve statistical significance. To our knowledge, this is the first agreement study of orthopaedic oncologists for the differential diagnosis and treatment of cartilaginous neoplasms. Assuming similar agreement to those observed for other specialties [27] , a confidence interval approach for sample-size estimation with multiple raters, as reported by Rotondi and Donner [25] , was used for the interobserver agreement studies. With an expectation of fair to good reliability, we estimated a 95% CI with a lower limit of 0.3 and an upper limit of 0.6, and this resulted in an estimated required sample size of 35 patients. SPSS software, Version 20.0 (IBM Corp, Armonk, NY, USA) was used for statistical analysis. Fleiss' kappa (j) coefficient [11] was used to determine the interobserver agreement for the orthopaedic oncologists' diagnostic hypotheses and proposed treatment strategies. The j coefficient is the most-commonly used agreement statistic in medical studies as it indicates the magnitude of exact agreement between different evaluators with correction by chance. Fleiss' j coefficient was designed for assessment of agreement between multiple raters and a categorical rating, in contrast to the most-used form of j coefficient, Cohen's j, which is designed for only two evaluators. Levels of agreement were determined as proposed by Fleiss: j values less than 0.40, 0.40 to 0.75, and greater than 0.75, indicated poor, fair to good, and excellent agreement, respectively [11] . The j values are presented with 95% CIs.
Considering that the j values are affected by the prevalence of the phenomenon evaluated, we decided to use a similar proportion of patients with tumors of three categories; thus, j values for each category would truly reflect agreement and should not be influenced by the prevalence of each lesion.
Finally, the diagnosis proposed by all 10 evaluators was compared with the diagnosis of inclusion of each patient; such comparison was reported as a proportion and with j values for agreement analysis.
Results
Full interobserver agreement among all 10 evaluators was achieved in only five of 39 patients (13%), with j = 0.44 (95% CI, 0.41-0.48), indicating fair to good agreement (Table 3 ). Only four of five patients had full agreement that their neoplasm was considered benign by all 10 evaluators (Fig. 1) , and in one it was considered intermediate-or highgrade malignant (Fig. 2) . The j values for the interobserver agreement for each diagnostic hypothesis were as follows: 0.51 (95% CI, 0.47-0.56) for enchondromas, 0.21 (95% CI, 0.16-0.26) for low-grade chondrosarcomas, and 0.6 (95% CI, 0.55-0.64) for intermediate-or high-grade chondrosarcomas. The level of agreement was considered fair to good for benign and intermediate-or high-grade malignant neoplasms but poor for low-grade malignant neoplasms.
The imaging modalities available varied among patients: radiographs, CT, and MRI were available for 33 of 39, 18 of 39, and 30 of 39 patients, respectively. However, all patients had at least biplanar radiographs or a CT scan, and most also had MR images. The analysis of interobserver agreement for subgroups showed a j = 0.45 (95% CI, 0.42-0.49) for the 30 patients with an additional MRI, which is similar to the j value obtained for the whole group. For the repeat evaluation 12 weeks after the first assessment, we observed 75% full intraobserver agreement for distinguishing between benign, low-grade, and intermediate-or high-grade malignant cartilaginous neoplasms. The j value was 0.62 (95% CI, 0.52-0.72), which indicates fair to good reliability.
If we excluded pelvic lesions (analyzing only the 31 patients with long-bone tumors), the interobserver agreement showed a j value of 0.37 (95% CI, 0.33-0.41), which indicates poor reliability.
When the orthopaedic oncologists were asked to list the three most-important clinical or imaging features that influenced their diagnostic hypotheses, cortical involvement, neoplasm size, and pain were chosen in 65% (253/ 390), 51% (198/390), and 50% (194/390) of the evaluations, respectively. Tumor location, patient's age, and the presence or absence of calcifications were chosen less frequently (35%, 29%, and 14% of evaluations, respectively) and therefore were considered to be less useful for the experts' opinions.
The interobserver analysis of the proposed treatment strategies showed only poor agreement, with j = 0. 21 Our experts agreed with patients' initial inclusion diagnoses in 70% of evaluations (273/390). This result revealed a fair to good agreement with a kappa value of 0.54 (95% CI, 0.47-0.61).
Discussion
Differentiating between an enchondroma and a chondrosarcoma, especially low-grade chondrosarcoma, remains a diagnostic challenge, even for experienced musculoskeletal oncologists [9] . Although accurate diagnosis generally involves an evaluation by a multidisciplinary team, the orthopaedic oncologist usually has to integrate most of the information and make the initial decision regarding how to proceed. It is clear from previous studies [6, 12, 27 ] that radiologists and even pathologists frequently disagree on a definitive diagnosis when facing cartilaginous tumors; this limitation means that we are left without any true gold standard to diagnose these lesions. Therefore, an inter-and intraobserver agreement study using clinicians as evaluators diagnosing these lesions is important because the orthopaedic oncologists' initial diagnosis will define the initial management implemented, and their disagreement can lead to an entirely different course of action and possibly affect the patients' outcomes. Thus, to identify how accurate the clinicians are with their diagnosis and initial treatment strategies could be an important step in determining the reasons for the mixed results that we have had with time with this type of tumor, especially when considering oncologic survival [22] . Our results showed only fair interobserver agreement for diagnosis and grading of cartilaginous neoplasms and poor agreement for proposed patient management by orthopaedic oncologists. These findings show a worrisome scenario since they reflect that a patient may receive a completely different diagnosis and initial management even by trained expert orthopaedic oncologists. Furthermore, these results are similar to those of other studies analyzing agreement between specialized and experienced pathologists and radiologists [6, 12, 27] .
This study has several limitations. First, not all patients had a confirmed histopathologic diagnosis. The recommendation of most orthopaedic oncologists for intramedullary tumors presumed to have a benign behavior on clinical and radiologic analysis is followup without any surgical intervention or biopsy; moreover, it would have been unethical to perform an additional procedure solely for research purposes. However, the Guidelines for Reporting Reliability and Agreement Studies [27] specifically emphasized the need for representativeness and external validity for reliability and agreement studies. We intended to achieve representativeness and external validity by including the entire spectrum of patients encountered on a regular basis by an orthopaedic oncologist, from patients with clearly benign enchondromas, which are only carefully followed, to patients with high-grade chondrosarcomas, which usually are treated with surgical resection. Conversely, it is clear from previous studies that not even pathologists or radiologists always agree on a definitive diagnosis when facing cartilaginous tumors. Therefore, determining inter-and intraobserver agreement study is important because the results do not depend on the initial definition of a patient's diagnosis, but mainly on the reliability of evaluators between each other and the reproducibility among themselves. However, it could be considered that we used only the clinician's diagnosis and treatment suggestion in our study, whereas the best practice for oncologic lesions is a multidisciplinary team evaluation (by orthopaedic oncologists, radiologists, and pathologists). We chose this approach in our study because we specifically wanted to evaluate how orthopaedic surgeons approach these lesions and whether they agree with their diagnosis and their initial action taken. Our results showed that even experienced specialists frequently disagree on this scenario. Future studies should include a more-complex and multidisciplinary approach.
In this study, we included three possible alternatives for diagnosis: (1) benign, (2) low-grade malignant, and (3) intermediate-or high-grade malignant cartilaginous tumors. Differentiating a low-grade chondrosarcoma from a benign tumor is a diagnostic challenge and is reflected here by our results. In the same way, we included four initial actions proposed by the evaluators: (1) to observe, (2) to perform a percutaneous or incisional biopsy for further diagnosis, or to directly treat either with (3) curettage or a (4) wide resection. The inclusion of an intermediate alternative in diagnosis (low-grade chondrosarcoma) and on treatment strategies (to perform a biopsy) could influence our lower agreement, but it represents the real options that an orthopaedic oncologist faces when diagnosing and treating these patients. Future studies should address agreement between benign tumors and higher-grade chondrosarcomas separately and also specific final treatment options after a complete clinical evaluation has been done.
Another limitation of our study is that not all patients had the same form of imaging performed. This again represents the real clinical scenario and it is part of the limitations of collecting patients on a retrospective basis. Even when most of our patients had radiographs, CT, and MRI performed for their evaluation, it raises the question whether the agreement was affected by this difference, and potentially better outcomes could be achieved by a protocol driven by image acquisition. To address this limitation, a subgroup analysis of patients who had an additional form of evaluation (MRI) was performed; such evaluation did not reveal differences in the agreement obtained for those particular patients. Although our results are similar to those reported previously [27] , this particular issue should be evaluated in future studies using a protocol driven by image acquisition.
When considering results of any reliability study, emphasis should be put on the specific clinical scenario that is being discussed and the relevance of the agreement (or disagreement) that is being reported. On clinical matters, adjectives frequently used to give sense to abstract values such as poor, fair to good, or excellent, fail to clearly represent what the real consequences of an incorrect diagnosis or a different treatment plan are. This is clear when comparing a j value representing fair to good agreement, and complete agreement was achieved in only five of 39 patients. That is a large limitation when analyzing this type of study. Finally, there is no validated form of assessing intraobserver agreement on this scenario. Most studies allow 3 to 12 weeks between evaluations to diminish possible memory bias. Our evaluators did the second round of ratings 12 to 24 weeks after the initial one (depending on availability of each evaluator, the survey was sent at Week 12). Even when there is no validated form of doing this, we believe that intraobserver agreement analysis is important because it represents the variability that a diagnosis can have for the same evaluator at a different time, and 12 to 24 weeks is reasonable for doing so.
This study showed barely fair interobserver agreement for the differential diagnosis of benign, low-grade, or intermediate-or high-grade malignant cartilaginous neoplasms, with a j value of 0.44, but only 13% complete agreement among evaluators. Analysis of these results should be made with caution. Adding more evaluators allows better external validity, but with more experts included in the study, it is more difficult to have complete agreement by all; therefore, the value of the j statistics should be considered rather than the percentage of agreement. Nevertheless, only five of 39 patients with full agreement on their diagnosis is extremely low. Interobserver evaluations have shown variable agreement for the diagnosis of these types of lesions by other specialists, with j values of 0.19 to 0.36 for experienced radiologists [2, 12, 27] and 0.44 to 0.78 for pathologists [6, 27] . The benign intramedullary variant of this neoplasm class, enchondroma, is usually asymptomatic and can be treated with observation alone to rule out progression [14] . However, chondrosarcomas range in their grades of malignancy and their capacity to metastasize [13, 18, 19] . Therefore, patients with chondrosarcomas usually undergo surgery ranging from intralesional curettage with or without local adjuvants (such as phenol, ethanol or cement, among others) [5, 30] to wide or radical resection, depending on the histologic grade of the tumor [7, 10, 15, 23, 24, 26] .
As expected, greater interobserver diagnostic agreement was observed for clearly benign and highly malignant cartilaginous neoplasms than for low-grade malignant cartilaginous neoplasms. This last group has been described as a unique diagnostic challenge for orthopaedic oncologists [12, 31] (Fig. 3) , and this assumption was supported by the finding of lower agreement in the diagnosis of low-grade malignant cartilaginous neoplasms in our study. This result is probably attributable to the limited discriminating power of many of the commonly used imaging parameters, such as cortical compromise, periosteal reaction, tumor diameter, and soft tissue extension [2, 3, 21, 31] .
The subgroup analysis according to available image modality did not reveal a difference in diagnosis between the entire group of patients versus those who had multiple image modalities available including plain radiographs, CT, and MRI. These data agree with those of the SLICED study group [27] . Other studies have shown that the ability to diagnose cartilaginous neoplasms is improved by using a combination of imaging modalities, especially the combination of radiographs and MRI, even when increased false positive and false negative findings were observed for the latter [2, 4] . Crim et al. [2] found low interobserver agreement for evaluation of individual imaging criteria and for expert diagnosis based on the results of a single image modality, supporting the need for a multimodality imaging approach.
In this study, the evaluators considered that cortical compromise followed by neoplasm size and the presence or absence of pain were the most useful clinical and radiologic parameters for diagnosis. This finding agrees with those of Murphey et al. [21] , who showed that for 187 cartilaginous neoplasms, those same parameters were the most important for distinguishing between enchondroma and low-grade chondrosarcoma. Conversely, patient age, tumor location, and other variables did not influence the diagnosis. Studies by Ferrer-Santacreu et al. [8, 9] showed that pain on palpation, cortical involvement, and bone scan uptake were important factors in the diagnosis of low-grade chondrosarcoma. However, more prospective analyses are needed to validate the actual effect of these variables in the diagnostic algorithm.
Finally, the interobserver agreement for proposed treatment for each lesion was only shown to be poor. This low agreement may be related to the different diagnoses made by the surgeons, but it also may reflect disagreement regarding how to treat a specific tumor according to histologic grade. Nevertheless, most evaluators chose to observe patients with a suspected benign tumor if they were asymptomatic and to perform wide surgical resection or incisional biopsy to confirm the initial diagnosis in neoplasms believed to be intermediate-to high-grade chondrosarcomas, revealing an important consistency between different ways of treating a specific type of tumor. Patients with an initial diagnosis of low-grade chondrosarcoma present the greatest treatment challenge and are probably the ones treated the most heterogeneously. However, multiple studies recommend curettage with local adjuvant treatments as a harmless way of treating these low-grade malignant tumors, with a low recurrence rate [8, 26, 30] .
We believe our results should be followed by future studies including not only clinicians, pathologists, or radiologists, but also a multispecialty team evaluating each patient. Additionally, future studies should be able to weight and establish risk parameters for different features considered in the evaluation, adding relevance to less frequently mentioned elements such as endosteal scalloping, edema pattern on MRI, and the presence of a soft tissue mass. Finally, the inclusion of other imaging modalities such as bone scintigraphy or positron emission tomography-CT [16] should be tested in future evaluations. Meanwhile, a standardized diagnostic algorithm including the most-important clinical features, with an image-driven acquisition protocol and analysis, is key to improving agreement in the diagnosis of cartilaginous neoplasms; such an approach might ensure that patients receive the most appropriate treatment for their condition regardless of the oncologist or institution of treatment.
Achieving an accurate diagnosis of intramedullary cartilaginous neoplasms is challenging, even for experienced orthopaedic oncologists. This study showed only fair to good inter-and intraobserver agreement for grading intramedullary cartilaginous neoplasms based on initial clinical and imaging information. Even more, our results showed poor agreement on the first treatment options based on these features. These results are, without doubt, less than ideal and represent a dilemma if a patient receives widely disparate opinions by different physicians and completely different treatment options. They reflect the lack of guidance regarding how to interpret clinical and imaging features and the limitations of the systems that we use today. A proper diagnosis is central for achieving the bestpossible results in terms of survival, complications, and quality of life for patients with cartilaginous neoplasms, so this information emphasizes the need for better diagnostic tools and standardized algorithms to assist clinicians in determining an accurate diagnosis and the most appropriate treatment.
